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Abstract of Thesis  
 
In automotive industries, there is a rapid growth in demand of lightweight components such as 
aluminum alloy parts to improve fuel consumption. At present, the required strength is achieved 
by precipitation hardening of age-hardenable alloys after forming, solution heat treatment and 
quenching. Therefore, the strengthening requires several processes and less productive. To solve 
this problem, hot stamping process has been studied for aluminum alloy sheets. In the hot 
stamping, first the aluminum alloy is heated to dissolve the precipitates within the primary α–Al 
matrix. Then, forming and quenching, i.e., die quenching is simultaneously performed with cold 
dies. Then, the processed aluminum alloy is artificially aged for precipitation hardening. Thus, 
this technique is possible to produce stronger products with less thermal distortion through less 
number of processes compared with the conventional T6 treatment. It has not been applied to 
billets though it is industrially important. Sufficient cooling rate without precipitation during die 
quenching may be realized using dies with higher thermal conductivity. In order to maximize 
effects of die quenching, it is necessary to understand fundamentally effects of the solution heat 
treatment (SHT) temperature, the die material, the size of specimen, the quenching duration and 
so on. In addition, a servo press could be an advantageous machine for die quenching rather than 
conventional press because press ram speed and motion can be controlled flexibly. Hence, it is 
useful to obtain the desired microstructure with super-saturated solid solution (SSSS) without 
precipitation. Therefore, in the present study, the die quenching of age-hardenable aluminum 
alloy billet has been carried out on a servo press under several viewpoints.  
In chapter 1, the backgrounds, motivations and purposes of this research work are described.  
In chapter 2, effects of solution heat treatment temperature of billet on die-quenchability with 
WC-20mass%Co dies are investigated after two different SHT temperatures of 773 K or 823 K 
using with a height of 8 mm (h0). Based on billet temperature change, hardness and TG-DTA 
analysis, die quenching after SHT at 823 K is found to be feasible without precipitation 
hardening, while not successful after SHT at 773 K due to precipitation. For the successful die 
quenching, sandwiching duration of 4 s is needed for the billet compressed with 5% in height 
(Δh/h0). The hardness distributions of die-quenched billets with h0 = 8 mm are relatively uniform 
through the height. However, the reduction is limited less than 5% in height due to crack 
formation by intergranular fracture on bulged side surface of billet during the die quenching 
process. The fracture is due to partial melting at grain-boundary triple junctions. The 
precipitation behavior can be predicted with the measured cooling curve and a reported CCT 
diagram.  
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In chapter 3, effects of billet height on die quenchability after the SHT temperature at 823 K 
are investigated using two different heights of h0 = 8 mm or 16 mm with the same diameter of 16 
mm. Based on billet temperature change, hardness and TG-DTA analysis, die quenching of the 
billet with h0 = 16 mm is not successfully carried out due to slower cooling rate. The hardness 
distributions of die-quenched billets with h0 = 16 mm are slightly curved distribution. The 
reduction is also limited less than 5% in height due to crack formation by intergranular fracture 
on bulged side surface of billet due to partial melting at grain-boundary triple junctions. In order 
to reveal the height dependence and the maximum height for die quenching, a numerical 
analysis is performed with finite difference method (FDM) to calculate temperature changes 
during the process. Then the calculated and the experimental temperature changes are discussed 
to determine sufficient quenching duration. The maximum height is supposed to be 9 mm. 
In chapter 4, in order to improve the low deformability of the billet with h0 = 8 mm during the 
die quenching process after SHT at 823 K, die quenching by the two-step die motion is proposed. 
In the two-step process, straightly after the first compression with Δh/h0 = 5%, further 
compression (Δh/h1, h1 = 7.6 mm) is applied after cooling without opening gab between the dies 
on the same machine. Based on billet temperature change and TG-DTA results, die quenching of 
the billet with h0 = 8 mm processed by the two-step die motion is found to be successful without 
precipitation on a servo press. The hardness is higher near the center of the die-quenched billets 
by the two-step die motion. The distribution depends on work hardening introduced at the 
second step mainly concentrated near the center. The low deformability due to partial melting at 
grain-boundary triple junctions is improved using the two-step die motion. The total reduction 
increases from Δh/h0 = 5% of the one-step die motion to Δh/h1 = 10% by the two-step die motion. 
In chapter 5, aging behavior of die-quenched billets is investigated. In the case of the billet 
with h0 =8 mm after SHT at 823 K, the peak aging time and hardness of the WQed billet are 46.8 
ks and 149, respectively. The peak aging time and hardness of the die-quenched billet with Δh/h0 
= 5% are 32.4 ks and 145, respectively. It is found that die quenching process accelerates the 
precipitation kinetics. In addition, the peak hardness of the die-quenched billets is comparable to 
that of the WQed billet. The peak aging time and hardness of the billet with Δh/h1 = 10% 
processed by the two-step die motion are 21.6 ks and 150, respectively. It is found that the 
two-step die motion accelerates the precipitation kinetics and increases the peak hardness more 
rather than that of one-step die motion due to strain aging of higher strain introduced at the 
second step. 
In chapter 6, applications of die quenching process are described. 
In chapter 7, the results obtained in the present study are summarized. 
 
 

